Abstract. We studied interactions among Blue Jays (Cyanocitta cristuta) visiting a feeder in south-central Florida over a 4-year period to examine the influence of sex, time of year, and body size on dominance and aggression, describe changes in dominance among individuals over time, and test for the presence of linear dominance hierarchies. Males dominated females throughout the annual cycle, and in all 24 of the male-female significant dyads. We cannot reject the hypothesis that male dominance over females results from the larger body size of males. We infer that males also were more aggressive than females because they were involved in more interactions than expected by chance. Females became more, and males became less, aggressive immediately prior to the breeding season, but fluctuations in aggression did not lead to shifts in intersexual dominance. Dominance relationships among a few high-ranking males were intransitive and changed over time. Dominance hierarchies, characterized by reversals, circular triads, and unknown relationships, were not linear. Whereas linear hierarchies have been shown to exist in New World jays that live in small, stable social groups, we suspect the variable constituency and instability of Rocks precludes the emergence of strictly linear hierarchies in the genus Cyanocittu.
INTRODUCTION
Although the Blue Jay (Cyanocittu cristatu) is a common and familiar eastern North American species, remarkably little is known about its basic ecology and social behavior, including dominance relations. Only Racine and Thompson (1983) have reported on dominance in Blue Jays, and although they found that rank order of jays visiting a feeder was constant over a period of a few weeks, they did not provide information on other features of dominance relationships in their study population. Here we report on Blue Jay dominance and aggression as it relates to sex, time of year, and body size, describe changes in dominance relationships among individuals over time, and test for the presence of linear dominance hierarchies. Analysis of the influence of site on dominance was outside the scope of our study.
The basic social unit of Blue Jays is the breeding pair. These pairs often share space with other pairs and individuals, and these pairs and individuals often coalesce into flocks to forage ' Received 3 July 1996. Accepted 12 December 1996. Z Corresponding author: Keith A. Tarvin, Archbold Biological Station, PO. Box 2057, Lake Placid, FL 33862, e-mail: tarvin@ct.net or engage in social interactions (Hardy 1961 ). However, the flocks vary in membership and are spatially and temporally ephemeral (Cohen 1977) . These social patterns hold for the nonmigratory population in south-central Florida, which we have studied since 1990. Our present study of dominance and aggression at a feeder is relevant because members of different pairs often have the opportunity to interact and do so as they encounter each other on more or less "neutral" ground when foraging or harvesting acorns. Because Blue Jays do not defend or maintain exclusive territories, individuals encounter many other individuals from within and beyond the local neighborhood, and perhaps engage with them in competition for food, nest sites, etc. Thus, although attracting jays to an artificial food source to observe interactions may quantitatively enhance levels of aggression or frequency of interactions, it probably does not change the quality of the interactions because it mimics the social and spatial mileu within which Blue Jays normally exist.
For the congeneric Steller' s Jay Cyanocittu stelleri, Brown (1963) reported dominance as site-dependent, rather than dependent on fixed social relationships (sex excluded). In contrast, many other New World jays live in small stable groups apparently organized around families.
[4341 Linear dominance hierarchies have been reported in three group-living jays for which dominance is related to sex, age, and breeding status of group members (Florida Scrub-Jay Aphelocoma coerulescens, Woolfenden and Fitzpatrick 1977, Mexican Jay A. ultramarina, Barkan et al. 1986 , Pinyon Jay Gymnorhinus cyanocephalus, Marzluff and Balda 1992). However, an analysis of the degree of linearity of hierarchies has yet to be performed on Cyanocitta using recently proposed methods (Appleby 1983, deVries 1995). A color-marking program where numerous individual Blue Jays were sexed and measured provided the opportunity to examine correlates of dominance and aggression in a population of resident Blue Jays in south-central Florida, and to compare patterns of dominance in this species with those found in other New World jays.
METHODS

STUDY SITE
We studied dominance interactions among individually color-marked Blue Jays at a feeder at Archbold Biological Station, Highlands County, Florida (27"lO' N, 81"21' W), from June 1991 through December 1994. The feeder was located in human-modified parkland with scattered large slash pines (Pinus elliottii), surrounded by native scrubby flatwoods and sand-pine scrub habitats (Abrahamson et al. 1984) . We determined that adult Blue Jays at Archbold are year-round residents, and that birds in their first year tend to wander during autumn (unpubl. data). Virtually all the jays we observed at the feeder were banded, and unbanded immigrants that became regular visitors were captured and marked within a few days of their arrival. Although many jays marked at the feeder were not seen again, a core set of marked jays was seen in most months during each season of each year, and many of these core individuals were present for more than one year. Most observations were of these frequent visitors, and our use of significant dyads (see below) ensured that we did not unduly weight interactions of drifters and stragglers. The number of jays visiting the feeder during an observation session ranged from 1 to 5 in autumn to 10 to 20 in spring and summer.
We captured jays in a 4-cell Potter trap placed on the feeding platform by using a string to drop the door from a remote and essentially concealed position within a nearby house. By manually operating the trap, which was otherwise locked open when baited, we were able to catch focal jays, yet allow other jays to enter and leave the trap. Because we rarely attempted to capture jays (especially marked ones), jays rarely responded to the trap with apprehension. Furthermore, those jays that were captured usually fed again from the feeder within a day or so of their capture.
MORPHOLOGY AND SEX DETERMINATION
For most captured jays, we measured bill depth and width at the anterior margin of the nares, bill length from nares to tip, culmen, head length from occiput to tip of upper mandible, tarsus, primary 7, central rectrix, and mass. Feather measurements were estimated to the nearest mm; remaining linear measurements were to the nearest 0.1 mm. Mass was estimated to the nearest 0.1 g. Multiple measurements of the same individual taken after the jay had reached its second calendar year were averaged.
We determined sex of many Blue Jays by presence of a brood patch (females only), laparoscopy, or, in one case, by behavior at nests. Other jays were sexed using a logistic regression analysis. The logistic regression procedure correctly classified 88% of 124 Blue Jays of known sex, and calculated the probability that each bird of unknown sex was a female based on length of the head and central rectrix. The procedure made no classification errors within the 15% tails of the probability distribution when it was applied to the sample of Blue Jays of known sex. When the probability of being female was 2 0.85 or I 0.15, we classified individuals of unknown sex as female or male, respectively. Individuals with intermediate probability scores were categorized as unknown sex. Twelve males and one female were sexed using this procedure. We were unable to assign sex to 13 jays.
ASSESSMENT OF DOMINANCE
From within the house we observed Blue Jays as they interacted at the feeding platform placed about 15 m in front of a window. A Potter trap centered on the platform and locked open contained about 30 g of commercial bird seed or a slice of bread that could be obtained by only a few jays simultaneously. Blue Jays quickly learned to associate the presence of food with a characteristic whistle that we emitted as we bait-ed the feeder, and food (and concomitant observations of interactions) usually lasted no longer than 15 min. Limited access to a small amount of food and the whistle alerting jays to its presence combined to concentrate jay activity within a short time span, and thus promoted agonistic interactions used to assess dominance.
Observation periods usually were conducted l-3 times per day, typically in the early morning and around noon. Observation periods were initiated on most days during the study period, except when we were away. During August through November, the responsiveness of jays to the whistle and to food provided by us sharply declined as a result of the jays' attention to harvesting and eating acorns. During that period, we usually did not attempt to initiate new observation periods if food remained on the feeder from a previous observation period. However, we were attentive to the activities of the jays in the area, and when we saw them around, we attempted to entice them to the feeder with the whistle and new food. Thus, our effort toward observing interactions was generally constant throughout the year, although it was modified somewhat during the acorn season in accordance with the responsiveness of the jays. Because we observed no aggressive interactions of jays at the feeder during September and October, those months were deleted from our analysis of seasonal patterns in aggression.
We considered a dominance interaction to have occurred when one jay either supplanted another that was feeding or standing on the feeding platform, or successfully resisted a supplantation "attempt" from another jay. In the first case, the supplanter was considered the winner of the interaction; in the second case, the resistor was the winner. During rare extended interactions, distinct supplantations were considered independent. We made no attempt to assess the intensity of interactions, and the rare interactions with ambiguous outcomes or apparently reflecting tolerance among individuals were not considered in our analyses. Because our view of the area surrounding the feeding platform was restricted by the window frame, we did not record the presence of individuals that perched near the feeder but did not visit it. We included in our analyses only interactions that occurred between jays that had reached or surpassed their second calendar year of age (AHY; ages were inferred from the color of the greater upper primary coverts and presence or absence of bars on the greater upper secondary coverts following Dater [ 19701 and Bancroft and Woolfenden [1982] ).We considered one bird dominant over another only when the win:loss ratio within the dyad (the summary of interactions between members of a pair) differed significantly from random as determined with a two-tailed binomial test. A binomial probability I 0.05 reflected a significant dominance relationship (henceforth "significant dyads;" see Barkan et al. 1986 ).
INFLUENCE OF SEX ON DOMINANCE AND AGGRESSION
To test the influence of sex on dominance, we considered only significant intersexual dyads, and used the two-tailed binomial test to determine whether the proportion of those dyads dominated by jays of one sex differed from that expected by chance. To determine how the propensity to interact differed between males and females, we calculated for each year the probability that a given interaction would involve either a male or a female, considering that each interaction involved two participants, and considering the mean number of males and females present during months for which interactions were recorded. We calculated the total number of observed participations (= 2 times the total number of interactions) and tallied the number of times members of a given sex participated in interactions, regardless of the sex of the birds with whom they interacted or whether jays of the focal sex won or lost. We used the two-tailed binomial test to determine whether the observed proportion of sex-specific participations differed from that expected by chance. We likewise examined the propensity of each sex to be involved in significant dyads. Our method of calculating expected frequencies of sex-specific interactions would be improved by considering the mean number of males and females present during each observation period. However, because we recorded number of individuals visiting the feeder during each month, rather than during each observation period, we are unable to generate more precise expected values.
We determined how the propensity of males and females to interact varied throughout the annual cycle by comparing the monthly distribution of sex-specific participations with that of total interactions, each summed over all 4 years.
We used a x2 goodness-of-fit test to determine whether the distributions of sex-specific participations matched that of total interactions.
We tested whether birds of a given sex were more likely to be involved in significant dyads with birds of the same or opposite sex. When a female is involved in a significant dyad, the probability of her being in a dyad with a male is where Kales is the total number of males that may potentially interact, and (Nremales -1) is the total number of females that may interact minus 1, because the focal female cannot interact with herself. The two-tailed binomial test was used to assess whether the proportion of female-male dyads was greater or lesser than expected by chance. We used the same procedure to determine whether the proportion of male-male dyads was greater or lesser than expected by chance.
INFLUENCE OF SIZE ON DOMINANCE
Within a sex, body size may influence dominance relationships (e.g., Seamy 1979). We used the Wilcoxon matched-pairs signed-ranks test to examine the influence of body mass and tarsus length, features commonly used as indices of relative body size within bird populations (Freeman and Jackson 1990), on the outcome of male-male significant dyads. Male Blue Jays are slightly, but significantly, larger than females at Archbold (unpubl. data), and therefore dominance of males over females, or vice versa, could be an effect of size. If size per se is an important influence of intersexual dyadic outcome, then it should similarly influence the outcome of intrasexual dyads. However, the conclusion that size of a given character is not an important influence of dominance within intersexual dyads is valid only if it is unimportant for intrasexual dyads in which the size differential between members is at least as great as the mean size differential between members of male-female dyads. Therefore, we tested for effects of body mass, tarsus length, head length, and length of the central rectrix (the latter two characters were most useful in distinguishing males and females using logistic regression analysis) on dominance in male-male dyads when the size differential for selected characters was equal to or greater than the mean size differential observed in male-female dyads.
DOMINANCE HIERARCHIES
We analyzed annual dominance matrices composed of jays that were involved in at least one significant dyad. This criterion served to cull from the matrix transients and other individuals that interacted only rarely, thereby reducing the number of uninformative unknown relationships (i.e., empty cells) within the matrix and increasing the likelihood that we detected linearity if it existed. Within dominance matrices, we considered one bird to dominate another only when the dyad was significant (Barkan et al. 1986). We followed deVries ' (1995) 
RESULTS
From 1991 through 1994,48 Blue Jays were involved in 1,263 interactions. Over the 4-year period, 27 individuals were involved in at least one of 63 significant dyads. Of these 27 jays, 11 were males, 8 were females, and 8 were of unknown sex. ' Total indiwduals mav be less than the sum of dominant and wbordinate mchwduals because an indwidual may be dominant to some birds, while subordmate to others 1% were won by the female, and the male was dominant in all significant intersexual dyads (two-tailed binomial test, IZ = 24, P < 0.001).
INFLUENCE OF SEX ON DOMINANCE AND AGGRESSION
Males exhibited a greater propensity to interact than females. When controlling for the number of males and females present, males were involved in far more, and females in far fewer, interactions than expected by chance in each of the four years (Table 2) . However, the pattern held in only two years when considered at the level of the significant dyad (Table 3 ). In 1992, the observed proportion of female-female versus female-male significant dyads was unexpected by chance, with females more likely to be involved in dyads with males than with other females (two-tailed binomial test, it = 4 femalefemale and 16 female-male dyads, P = 0.02).
Sample sizes were insufficient for this test in other years. Males were involved in significant dyads with other males more often than expected by chance in one of three years for which sample sizes were sufficient (two-tailed binomial test: 1992, IZ = 8 male-male and 16 male-female dyads, P = 0.31; 1993, n = 6 male-male and 0 male-female dyads, P = 0.04; 1994, n = 7 male-male and 5 male-female dyads, P = 1.00). Dominance interactions were not distributed evenly throughout the year, and the propensity of either sex to interact throughout the annual cycle could not be predicted from the distribution of total interactions (Fig. 1) . Males interacted more frequently than expected during May and June, and slightly less frequently from December through March (Fig. la) . Females interacted more frequently than expected in March and less frequently in April, May, and July (Fig.  lb) . Feeder visits, and therefore interactions, by females were especially uncommon during April and May when they were incubating and brooding. To account for the absence of females during the breeding season, we removed April and May interactions from the data set. Males still interacted significantly more frequently in summer and less frequently in winter and spring. The pattern for females was reversed (Fig. lc  and d) .
INFLUENCE OF SIZE ON DOMINANCE
Neither body mass, tarsus length, head length, nor length of central rectrices significantly influ- enced dominance within male-male dyads (Table 4). For body mass and head length, size differentials were as great or greater than the mean size difference of intrasexual dyads in only two male-male dyads. In these cases, the dominant had the larger feature in one dyad and the smaller feature in the other. No male-male dyads existed in which the tail length differential was as great as the mean differential among male-female dyads. The difference in tarsus length between members of nine male-male dyads was as great or greater than the mean difference in tarsus length calculated from male-female dyads. The male with the longer tarsus was dominant in six of those nine dyads (Wilcoxon matchedpairs signed-ranks test: z = -1.16, P = 0.25). (Table 6) . Throughout our study, four or five males seemed to be of substantially higher rank than the remaining jays, but dominance relationships among these high-ranking males changed through time (Table 7) . Jays did not shift during the breeding season. Because our data included few examples of male-male dyads exhibiting size differentials equal to or greater than the average differential within intersexual dyads, we cannot reject the hypothesis that male dominance over females is an effect of body size. However, male and female Blue Jays in our study population differ by less than 5% for the several characters we measured, and such slight sexual dimorphism is generally not considered to be an important influence on dominance (Smith 1976 ).
DOMINANCE HIERARCHIES Dominance hierarchies (
DISCUSSION
In addition to being dominant, male Blue Jays were more aggressive than females (see Wool- (Woolfenden and Fitzpatrick 1977) , and degree of relatedness of participants. Unfortunately, most of the high ranking males in our study were banded as unknown age birds in 1990; consequently, we do not know whether age or sitefamiliarity differences existed among them. Likewise, we knew where few individuals nested, and were thus unable to examine effects of nest proximity on dominance. Brown (1963) found that shifts in dominance of male Steller' s Jays at particular sites corresponded with relocation of nest sites during renesting attempts. The significant changes in dominance over time among high-ranking male Blue Jays in our study may have reflected similar shifts in nest sites in different years.
The social ranks of Blue Jays visiting our feeder were not organized linearly. In a species with a social organization characterized by ephemeral flocks of varying constituency (Hardy 1961) , such as the Blue Jays at Archbold, the numerous circular triads, reversals, and shifts in dyadic dominance of high-ranking males over time would be expected (Brown 1975 ). This conclusion is supported by the findings of Ratine and Thompson (1983), who reported the rank order within a flock of wintering Blue Jays visiting an ad libitum feeder in Massachusetts was relatively stable over short (several weeks), but not long (several months), periods of time. Racine and Thompson (1983) also found both reversals and circular triads, a pattern consistent with our observations. Our criterion that dominance is ascribed only when the outcome of dyads is significant may be considered overly conservative. However, had we simply considered an uneven win:loss ratio as indicating dominance, we would have been forced to include far more individuals in our matrices than just those involved in at least one significant dyad. The result would have been far more unknown relationships in the matrices, and consequently, even lower degrees of linearity than were observed.
The dominance matrices compiled by Brown (1963) for the congeneric Steller' s Jay are strikingly similar to those we compiled for Blue Jays, in that they include reversals, circular triads, and many unknown relationships. Brown (1963) LITERATURE CITED
